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Abstract. A n analysis was made of the micro-distribution pat terns of five phylogenetically closely 
related species belonging to the genus Iberobathynella, a group of subterranean aquatic crustaceans 
(Syncarida, Parabathynellidae). The two-step model of colonization and speciation seems to pro­
vide a valid explanation for the current distribution of a large number of stygobiontic taxa of 
marine origin (thalassoid). However, with respect to the Iberobathynella, only the colonization of 
the subterranean environment at the mesoscale level can be explained. The second phase of the 
model, marine regression, can only explain the colonization of the region by the ancestor; the 
subsequent evolution and speciation a t a smaller scale remain to be explained. Local geological 
constraints - Upper Triassic gypsiferous muds tone deposits plus faults and thrusting linked to the 
Alpine Orogeny - are responsible for the appearance of local palaeogeographic phenomena. These 
may have been the vicariant processes responsible for the geographical and genetic isolation of the 
ancestral populat ions of this group, which eventually led to clade divergence. Together with small-
scale passive dispersion (11 dispersal events) and local extinction, these processes could be 
responsible for the current distribution of the five sister taxa inhabiting the caves of the Sierra de la 
Collada, Spain. A plausible palaeogeographical scenario is offered to explain their present distri­
bution, that clearly came abou t through chance events. 
Introduction 
T h e s t u d y of t h e d i s t r i b u t i o n of o r g a n i s m s is easily e x t e n d e d f r o m the ' m a c r o -
p i c t u r e ' ( the d i s t r i b u t i o n of h ighe r t a x o n o m i c un i t s over l a rge a reas ) t o t h e 
' m i c r o - p i c t u r e ' ( the d i s t r i b u t i o n of species a n d subspecif ic t a x a over smal le r 
r eg ions a n d loca l a r ea s ) . B o t h d i s t r i b u t i o n s m a y r e s p o n d t o t h e s a m e p a t t e r n -
i n d u c i n g forces , a l t h o u g h m o r e loca l d e t e r m i n a n t s m a y b e invo lved in t h e 
f o r m a t i o n of t h e m i c r o - p i c t u r e . 
U n t i l r ecen t ly , it w a s a p a r a d i g m of e n v i r o n m e n t a l b i o l o g y (ecology, 
b i o g e o g r a p h y a n d t h e l ike) t h a t if t h e p rocesses affecting o r g a n i s m s w e r e t o 
be s t ud i ed , l a rge n u m b e r s of these o r g a n i s m s s h o u l d be ava i l ab le for obse r ­
v a t i o n . T h i s w a s ce r ta in ly a r e q u i r e m e n t of t he s ta t i s t ica l t e c h n i q u e s (ma in ly 
p a r a m e t r i c s ta t is t ics) u s e d in such s tud ies . N o w a d a y s , h o w e v e r , n e w m e t h o d ­
ologies a n d power fu l c o m p u t e r s a re p r o v i d i n g a l t e rna t ive a p p r o a c h e s . M a n y 
t a x a a r e very r a r e - o r a t least a p p e a r t o b e w h e n u s u a l s a m p l i n g m e t h o d s a r e 
used . I n d e e d , t h e r e a r e m o r e ' r a r e ' t h a n ' c o m m o n ' t a x a , yet m a n y q u a n t i t a t i v e 
e n v i r o n m e n t a l m e t h o d o l o g i e s w e r e d e v e l o p e d for use w i t h these m o r e a b u n ­
d a n t f o r m s . T h e r e is n o r e a s o n , h o w e v e r , w h y less a b u n d a n t g r o u p s c a n n o t b e 
u s e d t o he lp a n s w e r f u n d a m e n t a l b io log ica l q u e s t i o n s , a l t h o u g h I t m a y b e 
h a r d e r t o m a k e t h e m ' s p e a k o u t ' . 
T h e fami ly P a r a b a t h y n e l l i d a e is a g r o u p of c r u s t a c e a n s ( A r t h r o p o d a , 
S y n c a r i d a ) t h a t live a l m o s t exclusively in s u b t e r r a n e a n w a t e r (in caves a n d t h e 
in ters t i t ia l e n v i r o n m e n t s ) . R e p r e s e n t a t i v e s of t h e family a r e f o u n d all ove r 
t he w o r l d , excep t for t he N o r t h a n d S o u t h P o l a r r eg ions . W i t h i n th is family , 
t he I b e r o b a t h y n e l l i n i ( C a m a c h o a n d S e r b a n 1998). T r i b e c o m p r i s e 26 species 
g r o u p e d i n t o six g e n e r a t h a t i n h a b i t t h e I b e r i a n P e n i n s u l a , t h e Ba lea r i c I s l a n d s , 
t he s o u t h of F r a n c e , N o r t h Afr ica ( the M a g h r e b ) a n d N o r t h A m e r i c a . T h e 
genus Iberobathynella ( S c h m i n k e 1973; C a m a c h o a n d S e r b a n 1998), on ly 
i n h a b i t s t he I b e r i a n P e n i n s u l a ( C a m a c h o a n d S e r b a n 2000; C a m a c h o 2003a , 
b ) . T h i s c o m p r i s e s t h r e e s u b g e n e r a a n d 18 species ( four recen t ly desc r ibed) ; its 
d i s t r i b u t i o n a n d a b u n d a n c e h a s b e e n p rev ious ly d i scussed ( C a m a c h o 2003b) . 
F ive species a r e l imi ted t o a smal l a r ea in t he n o r t h e r n I b e r i a n P e n i n s u l a : 
Iberobathynella (Espanobathynella) cantabriensis C a m a c h o a n d S e r b a n (1998) , 
/. (E.) magna C a m a c h o a n d S e r b a n (1998) Iberobathynella (Asturibathynella) 
asturiensis S e r b a n a n d C o m a s i N a v a r r o (1978) , / . (^4.) parasturiensis C a m a c h o 
a n d S e r b a n (1998) , a n d / . (^4.) imuniensis C a m a c h o (1987) [this species c a n b e 
f o u n d as far S o u t h as B u r g o s a n d as far E a s t as H u e s c a ( F i g u r e 1)]. I t is 
r e m a r k a b l e t h a t , be ing a very r a r e g r o u p , five species of t w o s u b g e n e r a s h o u l d 
be f o u n d in such a smal l a r ea . Phy logene t i ca l l y these species a re very closely 
r e l a t ed , a n d the i r d i s t r i b u t i o n is r e d u c e d ( cha rac t e r i z ed by l ow local dens i t ies 
a n d a l imi ted d i spe r s ion c a p a c i t y ) . I t is t he re fo re t o b e e x p e c t e d t h a t t h e deg ree 
of spec i a t i on is h i g h (Gavr i l e t s a n d V o s e 2000) . 
P r e v i o u s ana lyses o n synca r id d i s t r i b u t i o n h a v e focused o n t h e w o r l d - w i d e 
or c o n t i n e n t a l scales ( S c h m i n k e 1974; C a m a c h o et al . 2000; G u i l a n d C a m a c h o 
2001) a n d m o d e l s h a v e b e e n p r o p o s e d t o exp la in the i r m a c r o - p i c t u r e p a t t e r n . I t 
is t e m p t i n g t o d e t e r m i n e w h e t h e r s imi lar p rocesses m i g h t sa t i s fac tor i ly exp la in 
the i r m i c r o - p i c t u r e . T h e p u r p o s e of this w o r k is t o d e t e r m i n e w h e t h e r the i r 
d i s t r i b u t i o n p a t t e r n is s ignif icantly different f rom r a n d o m , a n d , if so , t o 
d e t e r m i n e t he r e l a t i o n s h i p b e t w e e n t h e a r ea s w h e r e t h e y a re f o u n d a n d t h e 
p h y l o g e n y of t he species. 
Material and methods 
T h e s t u d y a r e a w a s t h e S ie r ra d e la C o l l a d a l o c a t e d n e a r t he P icos d e E u r o p a 
b e t w e e n C a n t a b r i a a n d A s t u r i a s in S p a i n ' s C a n t a b r i a n R a n g e . I t is a n a r e a 
w i t h n a t u r a l g e o g r a p h i c a l l imi ts , b o u n d b y t h e R ive r D e v a t o t h e W e s t a n d t h e 

Table 1. Localities and species distribution in the Sierra de la Collada (Asturias/Cantabria) 
N a m e Locality Province Area U T M 1 2 3 4 5 
CO.001 Hoyu Panes Asturias d 30TUN7594 0 0 1 0 0 
CO.034 Nava Lamason Cantabr ia e 30TUN7890 0 1 0 0 0 
CO.044 Tresavarilla Pefiarrubia Cantabr ia b 30TUN7392 1 0 0 0 0 
CO.053 Huer ta Panes Asturias d 30TUN7693 0 0 1 0 0 
CO.054 Seguedal Panes Asturias d 30TUN7593 0 0 1 0 0 
CO.069 Pozo Panes Asturias d 30TUN7693 0 0 1 0 0 
CO.070 Cincho Herrerias Cantabr ia d 30TUN7793 0 0 1 0 0 
CO.084 Helechosa Pefiarrubia Cantabr ia b 30TUN7292 0 0 0 1 0 
CO.099 Calderon Lamason Cantabr ia e 30TUN7892 0 0 0 0 1* 
CO.121 Torcas Lamason Cantabr ia e 30TUN7892 0 0 0 0 1 
CO.150 Grafiaja Pefiarrubia Cantabr ia c 30TUN7294 0 1 0 1 0 
CO. 170 Indiano Panes Asturias c 30TUN7495 0 0 0 0 1 
CO.180 Sotombos Lamason Cantabr ia e 30TUN7892 0 0 0 0 1 
CO.209 Treslajora Pefiarrubia Cantabr ia a 30TUN7091 0 1* 1 1 1 
CO.220 Carnero Herrerias Cantabr ia e 30TUN8093 0 0 0 1 1 
CO.261 Pelacristo Panes Asturias c 30TUN7494 0 0 0 1 0 
CO.275 Divisada Panes Asturias c 30TUN7395 0 1 0 1 1 
CO.276 Torco Herrerias Cantabr ia e 30TUN7794 0 0 0 0 1 
CO.277 Lobos Herrerias Cantabr ia e 30TUN7794 0 0 0 1 1 
1 4 6 7 9 
Number and name of locality, locality, province, area, U T M . 0 — absence and 1 — presence of the 
species 1 = 1. (A.) asturiensis (Serban and Comas 1978), 2 = 1. (A.) parasturiensis (Camacho and 
Serban 1998), 3 = 1. (A.) imuniensis(Camacho 1987), 4 = 1. (E.) magna(Camacho and Serban 
1998), 5 = 1. (E.) cantabriensis (Camacho and Serban 1998). T y p e locality for the species. 
R ive r L a m a s o n t o t h e E a s t ( F i g u r e 1). T h e S ie r ra de la C o l l a d a is a n e a s t e r n 
ex t ens ion of t h e m a s s i v e r o c k y f o r m a t i o n s of t h e C a r b o n i f e r o u s p r o d u c e d b y 
the A l p i n e O r o g e n y ( the E a s t e r n M a s s i f of t h e P icos d e E u r o p a ) . Al l caves in 
t he a r e a offering a su i t ab le h a b i t a t for b a t h y n e l s w e r e s a m p l e d (n = 35). F i v e 
species of t h e Iberobathynella S c h m i n k e (1973) genus w e r e f o u n d , d i s t r i b u t e d in 
19 caves (Tab l e 1 lists these caves a n d ind ica tes w h i c h species i n h a b i t t h e m ) . 
F i g u r e 1 p r o v i d e s a n ou t l i ne of t h e a rea , its l o c a t i o n in t h e I b e r i a n P e n i n s u l a 
a n d the l o c a t i o n of t h e caves . F i g u r e 2 is a m o r e de t a i l ed m a p of t he a r e a , 
w h i c h inc ludes t h e geo log ica l subd iv i s ions , t he l o c a t i o n s of t h e 19 caves , a n d 
the species p r e s e n t in each . 
Before s t u d y i n g the poss ib le d e p e n d e n c e of t h e d i s t r i b u t i o n of these species 
o n t h e geo log ica l n a t u r e a n d h i s t o r y of t he a r e a , we t e s t ed w h e t h e r it w a s 
signif icantly different f rom r a n d o m us ing t h e A n o s i m n o n - p a r a m e t r i c tes t . T h i s 
test is f r equen t ly e m p l o y e d in ecologica l r e s e a r c h ( C l a r k e a n d G r e e n 1988). T h e 
•4 
Figure 1. M a p of study area (Nor th of the Iberian Peninsula, Cantabr ian Region and Sierra de la 
Collada) at bo th small and large scales, showing the distribution of species in detail: Iberobathynella 
Schminke (1973) species of the subgenera Asturibathynella Camacho and Serban (1998) and Es­
panobathynella Camacho and Serban (1998). Each number corresponds to a site in Table 1. Species 
codes as in Figure 2. 
Figure 2. Limits of the Sierra de la Collada; geological and paleogeographical evolution; location 
of the caves and distribution of Iberobathynella Schminke (1973) species. R o m a n numbers denote 
the location of the faults, ' a ' to ' e ' areas delimited by faults. 
nul l h y p o t h e s i s a s s u m e s t h e r e a r e n o differences b e t w e e n the a r e a s , a n d th is w a s 
tes ted b y ca l cu l a t i ng a n i ndex 'i?' w h i c h c o n t r a s t s b e t w e e n - a r e a a n d w i t h i n a r e a 
r a n k s imilar i t ies . [ 'Area ' refers t o t he different sec tors b o u n d e d b y faul ts in t h e 
S ie r ra d e la C o l l a d a ; t h e different caves w e r e ass igned t o e a c h of these zones 
( label led ' a ' t o ' e ' in T a b l e 1)]. 
R = (fB - fw) 
\M 
w h e r e 
¥B is t h e a v e r a g e r a n k of all s imilar i t ies f r o m all pa i r s of caves b e t w e e n a r e a s , 
fw is t h e a v e r a g e of all r a n k s imilar i t ies a m o n g caves w i t h i n a r ea s , a n d 
M = n(n — l ) / 2 w h e r e n is t h e t o t a l n u m b e r of caves c o n s i d e r e d . 
T h e c loser t h e va lue of R t o 1, t he m o r e s imilar a r e t h e caves b e l o n g i n g t o 
a p a r t i c u l a r a r ea t o caves of a different a rea . T h i s i n d e x w a s r eca l cu l a t ed 
u s ing p e r m u t a t i o n s a n d a significance level d e t e r m i n e d b y c o m p a r i n g t h e 
o b s e r v e d va lue of R t o its p e r m u t a t i o n d i s t r i b u t i o n . P R I M E R ve r s ion 5 
so f tware ( C l a r k e a n d W a r w i c k 2001) w a s u s e d t o d e t e r m i n e cave s imi la r i ty 
b a s e d o n f a u n a ana lys i s , t o w o r k o u t t h e m u l t i d i m e n s i o n a l scal ing o r d i n a t i o n 
( M D S ) b a s e d o n r a n k o r d e r of s imilar i t ies a m o n g caves , a n d t o p e r f o r m t h e 
A n o s i m test . 
Figure 3. Cladogram of species of the Iberobathynella Schminke (1973) genus [after (Guil and 
Camacho 2001)], number of nodes and D I V A distribution on nodes. Small letters denote the areas 
quoted in Tables 1 and 2 ('a' to 'e ' sectors in Sierra de la Collada and 'g ' to T areas outside Sierra 
de la Collada). 
A m o r p h o l o g i c a l c l a d o g r a m of 14 species of t h e g e n u s Iberobathynella (Gu i l 
a n d C a m a c h o 2001) ( F i g u r e 3) w a s u s e d t o p o r t r a y t h e p h y l o g e n e t i c re la­
t i o n s h i p s b e t w e e n t h e five species d i scove red a n d the i r p r o x i m i t y t o o t h e r 
species in th is m o n o p h y l e t i c g r o u p ( C a m a c h o a n d S e r b a n 1998). 
D i s p e r s a l - v i c a r i a n c e ana lys i s ( D I V A , R o n q u i s t 1996, 1997a, b ) m i n i m i z e s 
t h e p r o b l e m s a s soc i a t ed w i t h t h e classic m e t h o d o l o g i e s u s e d in h i s to r i ca l b i o -
g e o g r a p h y , especia l ly t h e ad hoc c o n s t r u c t i o n of n a r r a t i v e scena r ios of d i spersa l 
v i ca r i ances ( R o n q u i s t 1994, 1997a, b ; M a r t i n - P i e r a a n d S a n m a r t i n 1999). T h e 
D I V A s t r a t egy a d e q u a t e l y r e s p o n d e d t o t h e needs of th is s tudy , a n d w a s u s e d 
t o e x a m i n e : 
(1) t h e p h y l o g e n e t i c r e l a t i o n s h i p s a m o n g t h e five species f r o m t h e s t u d y a r e a 
p lu s fou r species f r o m n e a r b y a r ea s ; 
(2) t h e d i s t r i b u t i o n a r e a of e a c h of t h e five r e c o r d e d species ( T a b l e 2, F i g u r e s 2 
a n d 5). 
D I V A is a q u a n t i t a t i v e m e t h o d de r ived f r o m t r a i t o p t i m i s a t i o n m e t h o d s 
( F i t c h o p t i m i s a t i o n ) . I t m i n i m i z e s d i spe r s ion a n d ex t inc t i on even t s a n d a l lows 
Table 2. Area/species distribution in the Sierra de la Collada ('a' to 'e ') and outlying areas (g, 
Cueva del Infierno, type locality of species 1, 4 and 6; h, N o r t h - E a s t and i, N o r t h - W e s t 
1 — I. (A.) asturiensis (Serban and Comasi Navar ro 1978), 2 = 1. (A.) parasturiensis (Camacho 
and Serban 1998), 3 = 1. (A.) imuniensis (Camacho 1987), 4 = 1. (E.) magna (Camacho and 
Serban 1998), 5 = 1. (E.) cantabriensis (Camacho and Serban 1998), 6 = 1. (E.) espaniensis (Ser­
ban and Comasi Navar ro 1978), 7 = /. (A.) ortizi (Camacho 1989), 8 = /. (A.) cavadoensis (Noodt 
and Ga lhano 1969), and 9 = 1. (A.) rouchi (Camacho and Coineau 1987). 
for m u l t i p l e r e t i cu l a t ed a r e a r e l a t i onsh ip s ( n o t j u s t single b r a n c h i n g p a t t e r n s ) . 
I t r equ i r e s n o a priori a s s u m p t i o n s a b o u t t h e ex is tence of a u n i q u e b i o g e o -
g r a p h i c a l s c e n a r i o , n o r is it neces sa ry t o a s s u m e t h a t ances t r a l species w e r e 
genera l ly m o r e w i d e s p r e a d t h a n the i r d e s c e n d a n t s . T h e m o d e l a s sumes t h a t 
d i s t r i b u t i o n s of c u r r e n t species a n d the i r a n c e s t o r s c a n b e de sc r ibed in t e r m s of 
a r ea g r o u p s . 
A s in o t h e r b i o g e o g r a p h i c a l r e c o n s t r u c t i o n m e t h o d s , t he nu l l h y p o t h e s i s is 
b a s e d o n a l l opa t r i c spec i a t i on b y g e o g r a p h i c v ica r i ance s ince, theore t i ca l ly , 
a l l opa t r i c spec ia t ion is t he m o s t c o m m o n spec ia t ion m e c h a n i s m ( M a y r 1963; 
F u t u y m a a n d M a y e r 1980; R o n q u i s t 1997a, b ) . E m p i r i c a l s tudies s u p p o r t 
th is idea ( L y n c h 1989; A s q u i t h 1993; Chesse r a n d Z i n k 1994), a l t h o u g h t h e y 
a lso i nd i ca t e t h a t d i spe r s ion m a y p l a y a n i m p o r t a n t ro le . B o t h ex t inc t i on 
a n d d i spe r s ion , w h i c h a r e u n p r e d i c t a b l e p h e n o m e n a , c a n w i p e o u t ev idence 
of b i o g e o g r a p h i c a l v i ca r i an t p rocesses a n d d i spe r sa l even t s t h a t t o o k p lace 
in c o n t i g u o u s a r e a s . W h e n t h e gene ra l v i ca r i an t events a r e k n o w n , c o n ­
nec t i ons a n d d i spe r sa l b a r r i e r s b e t w e e n a r ea s c a n b e infer red f rom the dif­
ferent f requencies of t h e h y p o t h e t i c a l ances t r a l d i s t r i b u t i o n a n d d i spe r sa l 
even t s . 
Results 
Palaeogeographic reconstruction 
T h e geo log ica l s t u d y of t he a r e a led t o t h e fo l lowing s t r a t i g r a p h i c r e c o n ­
s t ruc t i on (see F i g u r e 4) . T h e o ldes t d e p o s i t s in t h e a r e a ( L o w e r C a m b r i a n ; 
570 M y r ) a r e c o m p o s e d of m a r i n e d o l o s t o n e s a n d a lga l l imes tones ove r l a in 
by a l t e r n a t i n g layers of m a r i n e shales a n d s a n d s t o n e s , w i t h e m e r g e n t t e r res -
Figure 4. Simplified time flow diagram of the main geological events that took place in the study 
area. 
t r ia l inf luence, t en ta t ive ly d a t e d as U p p e r C a m b r i a n - R e m a d o c i a n ( 4 8 5 -
470 M y r ) ( Ju l iver t a n d M a r t i n e z 1983). L a t e r o n , in a c o a s t a l e n v i r o n m e n t , a 
t h i ck s equence of s a n d s t o n e s w a s d e p o s i t e d d u r i n g t h e A r e n i g i a n ( 4 8 5 -
470 M y r ) . A h i a t u s of m o r e t h a n 100 M y r s e p a r a t e s t h e over ly ing U p p e r 
D e v o n i a n ( 3 7 5 - 3 6 0 M y r ) u n i t f r o m A r e g i n i a n r o c k . M i c r o - c o n g l o m e r a t e s a r e 
f o u n d a t t h e b a s e d u e t o t h e c o n t i n e n t a l inf luence, a n d b ioc las t i c l imes tones 
a re e x p o s e d a t t h e t o p . E v e n t h o u g h t h e L o w e r C a r b o n i f e r o u s sea c o v e r e d 
the w h o l e a r e a ( T o u r n a i s i a n 3 6 0 - 3 5 0 M y r ) , b l a c k shales w e r e d e p o s i t e d o n 
a n a n o x i c b o t t o m . M a r i n e c o n d i t i o n s p reva i l ed f r o m t h e Vise ian t o t h e 
L o w e r S t e p h a n i a n ( 3 6 0 - 3 0 0 M y r ) , as reflected by the d o m i n a n t c a r b o n a t e 
s e d i m e n t a t i o n . D u r i n g t h e S t e p h a n i a n ( 3 0 0 - 2 9 5 M y r ) , m a j o r t e r r i g e n o u s 
s e d i m e n t a t i o n o c c u r r e d . D u r i n g t h e P e r m i a n ( 2 9 5 - 2 4 5 M y r ) , t e r res t r i a l c o n ­
d i t i ons d o m i n a t e d (wi th s o m e m a r i n e i ncu r s ions ) , as reflected by t h e p r e s e n c e 
of c o n t i n e n t a l sha les , s a n d s t o n e s , a n d c o n g l o m e r a t e s c o m e r i sed of r e w o r k e d 
C a r b o n i f e r o u s l imes tones . 
T o t h e Tr iass ic ( 2 4 5 - 2 0 5 M y r ) r e c o r d s t a r t s w i t h c o n t i n e n t a l r ed b e d s 
( B u n t e r ) a n d gyps i fe rous shales ( K e u p e r ) ; i n t e r m e d i a t e m a r i n e l i m e s t o n e b e d s 
of M u s c h e l k a l k facies a re l ack ing . M i d d l e - J u r a s s i c s ed imen t s (Liass ic a n d 
D o g g e r ) reflect a m a r i n e e n v i r o n m e n t . T h e u p p e r m o s t i n t e r n a l t he D o g g e r a n d 
the U p p e r J u r a s s i c ( M a l m ) , w e r e p e r i o d s of c o n t i n e n t a l - d o m i n a t e d d e p o s i -
t i ona l e n v i r o n m e n t s . 
T h e lower C r e t a c e o u s ( 1 4 5 - 9 7 M y r ) s e d i m e n t a t i o n t o o k p lace u n d e r con t i ­
n e n t a l o r b r a c k i s h c o n d i t i o n s , b u t m a r i n e c o n d i t i o n s p reva i l ed o n c e a g a i n 
Figure 5. Boundaries in the Sierra de la Collada and areas bounded by faults. Distr ibution of 
Iberobathynella species. 
d u r i n g t h e L o w e r C e n o m a n i a n ( 9 7 - 9 0 M y r ) . C a i n o z o i c s e d i m e n t s a r e n o t 
p r e s e n t in t he s t u d y a r ea . 
F r o m a p a l a e o g e o g r a p h i c a l p o i n t of view, s o m e t ec ton ic m a r k e r s w e r e 
f o u n d : 
• A t t he e n d of t h e L o w e r C a m b r i a n r e g i o n a l t i l t ing t o o k p lace m a k i n g 
kars t i f i ca t ion poss ib le . 
• T h e 100 M y r h i a t u s b e t w e e n t h e A r e n i g i a n a n d t h e L o w e r D e v o n i a n w a s a 
p e r i o d of very i m p o r t a n t g r o w t h for t h e l a n d m a s s e s in t h e a r e a , w h i c h la te r 
w e r e s u b m e r g e d d u r i n g t h e C a r b o n i f e r o u s m a r i n e t r a n s g r e s s i o n . 
• I n t h e L a t e H e r c y n i a n ( P e r m i a n - L o w e r Tr iass ic ) , t e n s i o n a l p rocesses gave 
rise t o h o r s t a n d g r a b e n s t r u c t u r e s , w h i c h p r o v i d e d f a v o u r a b l e c o n d i t i o n s for 
i n t ense kars t i f i ca t ion . M a r i n e c o n d i t i o n s d o m i n a t e d d u r i n g t h e Ju ra s s i c a n d 
C r e t a c e o u s , b u t i so la ted kars t i f ied l a n d m a s s e s r e m a i n e d . 
A l p i n e O r o g e n y t ec ton ics w e r e r e spons ib l e for t he fo ld ing a n d t h r u s t i n g of 
t he r o c k s in t h e a r ea . T h e p las t ic U p p e r Tr iass ic (JCeuper) b e d s w e r e injected 
a l o n g faul t surfaces t o f o r m i m p e r v i o u s wal ls w h i c h t e m p o r a r i l y i so l a t ed t h e 
ka r s t i c cells. 
A d d i t i o n a l i n f o r m a t i o n of t he s t u d y a r e a c a n b e f o u n d in Gi l I b a r g u c h i e t al . 
(1983) , Ju l ive r t a n d M a r t i n e z (1983) , C a p o t e a n d C a r b o (1983) , a n d R i n c o n et 
al . (1983) . A gene ra l geo log ica l d e s c r i p t i o n of t he P icos d e E u r o p a a p p e a r s in 
M a r q u i n e z a n d A d r a d o s (2002) . 
Test of random distribution of bathynellid species in the Sierra de la Collada 
T h e o r ig ina l spec ies /caves m a t r i x ( T a b l e 1) inc ludes t h e a r e a t o w h i c h e a c h 
cave b e l o n g ( le t ters ' a ' t o 'e ' ) a n d w h o s e faul t s a r e s h o w n in F i g u r e 2. T h i s 
fac to r i sed m a t r i x w a s a n a l y s e d for faunis t ic s imi lar i ty u s i n g t h e B r a y - C u r t i s 
s imi la r i ty m e a s u r e . F r o m t h e s imi lar i ty m a t r i x , a 2 - D r a n k o r d i n a t i o n w a s 
o b t a i n e d u s i n g a n M D S ( F i g u r e 6). A l t h o u g h it s h o w s s o m e h o m o g e n e o u s 
g r o u p s (e.g., ' d ' ) th i s o r d i n a t i o n h a s a c e r t a in degree of i n t e rmix ing . T h e 
A n o s i m tes t w a s u s e d t o d e t e r m i n e w h e t h e r t h e caves in e a c h a r e a w e r e c loser 
t o o n e a n o t h e r in t e r m s of the i r f a u n a c o m p o s i t i o n t h a n t o t h e caves of t h e 
n e i g h b o u r i n g a r e a s . If t h e f a u n a l d i s t r i b u t i o n w a s r a n d o m a m o n g caves in a n 
a r ea , t h e w i t h i n - a r e a s imi lar i ty w o u l d n o t b e signif icantly different f r o m t h e 
s imi la r i ty a m o n g a r e a s . 
T h e va lue of R w a s 0.606 (p = 0 . 1 % ) for 999 p e r m u t a t i o n s . T a b l e 3 s h o w s 
t h e resu l t s of t h e p e r m u t a t i o n tes t ( r a n d o m l y s a m p l e d w i t h r e p l a c e m e n t ) for 
pa i rw i se c o m p a r i s o n s , a n d the i r s ta t i s t ica l s ignif icance. T h e g loba l R s h o w s 
t h a t t h e faunis t ic differences w i t h i n caves b e l o n g i n g t o t h e s a m e a r e a a r e 
smal le r t h a n t h o s e b e t w e e n caves in different a r e a s , i.e., t h e r e is a n o n - a r b i ­
t r a r y a s s o c i a t i o n b e t w e e n t h e f a u n a in caves in different a r e a s . A de ta i l ed 
e x a m i n a t i o n s of T a b l e 3 s h o w s caves in a r e a s d a n d e, d a n d b , d a n d c t o 
h a v e signif icantly g r ea t e r w i t h i n - a r e a s imi la r i ty t h a n b e t w e e n - a r e a s imilar i t ies . 
A r e a s d a n d a a r e t h e m o s t different s ince t h e y h a v e t h e h ighes t R v a lue (1). 
H o w e v e r , t h e p v a lue sugges t s it w o u l d be u n w i s e t o a s s u m e th is is n o t d u e t o 
c h a n c e . T h e o t h e r a r e a p a i r s s h o w low R va lues t h a t a r e n o t s ta t is t ica l ly 
signif icant . 
Figure 6. Two-dimensional ordination by M S D of caves based on faunal similarity, 'a ' to 'e ' are 
the sectors bound by faults in Figures 2 and 5. Each letter represents a cave in the sector. 
Table 3. Pairwise comparison among sets of caves in different areas (sectors bound by faults) 
Significance % 
R is a measure of difference within areas contrasted with differences between areas. A n R value 
close to 1 indicates that the caves of an area are more similar to one another than to any cave of a 
different area. 
DIVA analysis 
F i g u r e 3 s h o w s the D I V A resu l t s . I f w e a s s u m e t h a t t he d i s t r i b u t i o n z o n e of t h e 
a n c e s t o r s i n c l u d e d t h e e ight a r ea s of o u r s tudy , a t least e ight v i ca r i an t p h e ­
n o m e n a a n d 11 d i spe r s ions (as well as s o m e ex t inc t ions ) w o u l d b e r e q u i r e d t o 
p r o d u c e t he n ine species w i t h t o d a y ' s d i s t r i b u t i o n . 
Discussion 
W i t h i n t h e gene ra l g e o - p a l a e o b i o l o g i c a l f r a m e w o r k of t h e I b e r i a n P e n i n s u l a , 
c o n d i t i o n s were f a v o u r a b l e in t h e L o w e r Tr iass ic , i n c l u d i n g a very la rge ex t en t 
of m a r i n e d o m a i n ( F i g u r e 4) , for t h e a n c e s t o r of t he g e n u s t o co lon ize t h e 
c o n t i n e n t a l e n v i r o n m e n t . T h e c o m m o n a n c e s t o r of t he c l ade Iberobathynella 
m u s t h a v e b e e n p r e s e n t o n t h e m a r g i n of l a n d m a s s e s in coas t a l h a b i t a t of t h e 
M i d d l e T r i a s (238 M y r ) ( C a m a c h o et al . 2000) w h e n t h e I b e r i a n P e n i n s u l a , 
N o r t h A m e r i c a , a n d N o r t h Afr ica w e r e still l i nked . T h i s is t h e m o r e p laus ib le 
e x p l a n a t i o n for t h e ex is tence o n t h r e e c o n t i n e n t s of these phy logene t i ca l l y c lose 
species t h a t h a v e n o effective in t r ins ic d i spe r sa l m e c h a n i s m . T h e M e s o z o i c 
c o n t i n e n t a l split even tua l ly b r o k e u p P a n g e a ( S c h r a m 1977), a v i ca r i an t even t 
t h a t m a y h a v e b e e n r e s p o n s i b l e for t h e d ive rgence of t he ances t r a l c l ade . 
M a r i n e regress ions ( the s e c o n d s tep of t h e ' T w o - s t e p M o d e l ' ( B o u t i n a n d 
C o i n e a u 1990; C o i n e a u a n d B o u t i n 1992) a n d ' R e g r e s s i o n M o d e l E v o l u t i o n ' , 
(S tock 1977, 1980) m i g h t he lp us u n d e r s t a n d h o w t h e a n c e s t o r a r r i ved in t h e 
S ie r ra d e la C o l l a d a , b u t t h e y d o n o t exp la in w h a t h a p p e n after (Gu i l a n d 
C a m a c h o 2001) . S u b s e q u e n t l y , t h e a n c e s t o r m a y h a v e co lon i zed th is a r e a of 
t r a n s i t i o n a l k a r s t - m a r i n e facies d u r i n g t h e U p p e r C r e t a c e o u s ( 9 6 - 6 5 M y r ) (see 
F i g u r e 4) . Success ive c l adogenes i s (sister species) w o u l d h a v e c o m e a b o u t 
t h r o u g h v ica r i ance d u e t o t h e e m e r g e n c e of n e w b i o g e o g r a p h i c a l b a r r i e r s 
(faults) o r loca l eco logica l even t s . T h i s w o u l d b e fo l lowed b y g r e a t e r of lesser 
d i spe r sa l o n a smal l scale. 
T a b l e s 1 a n d 2 s h o w t h a t cave C O . 2 0 9 h a s t h e g rea t e s t n u m b e r of species - 4 
of t h e 5 f o u n d in t h e a rea . C a v e C O . 2 7 5 h a s 3 species , 3 caves ( C O . 150, C O . 2 2 0 
a n d C O . 2 7 7 ) h a v e 2 species, a n d 14 caves c o n t a i n on ly o n e . 
T h e s u b g e n u s / . (Asturibathynella) is r e p r e s e n t e d in t h e s t u d y a r e a b y 3 of t h e 
9 k n o w n species in 10 of t he caves d i s t r i b u t e d in t he 5 a r ea s b o u n d e d b y faul t 
l ines ( F i g u r e 5 ) . T h e s u b g e n u s / . (Espanobathynella) w a s r e p r e s e n t e d b y 2 of its 
3 species f o u n d in 12 caves in 4 a reas ( F i g u r e 5). T h e species in th is s u b g e n u s 
conse rve m o r e p r imi t i ve t r a i t s t h a n t h o s e of t h e o t h e r s u b g e n u s (see F i g u r e 3) . 
Iberobathynella (Espanobathynella) is t he least de r ived s u b g e n u s ( 5 - 7 n o d e s ) 
in t he p r o p o s e d c l a d o g r a m ( F i g u r e 3) . T h e species / . (E.) magna, w h i c h h a s t h e 
m o s t p r imi t i ve cha rac te r i s t i c s (5 n o d e s ) ( F i g u r e 3) , w a s f o u n d in 7 caves in 4 
a reas of t h e s t u d y z o n e (Tab l e 1, F i g u r e 5) ( a rea 'cf w a s t h e on ly a r e a w h e r e it 
w a s n o t f o u n d ) . T h i s species is a l so f o u n d in its t y p e local i ty ( a rea 'g') o u t s i d e 
t he s t u d y z o n e , a n d is t h e m o s t w i d e s p r e a d species of t h e 5 species g r o u p s . 
Iberobathynella (E.) cantabriensis s h o w s t h e h ighes t n u m b e r of de r ived c h a r ­
acter is t ics w i t h i n t he s u b g e n u s (7 n o d e s ) ( F i g u r e 3). I t w a s f o u n d in 9 caves in 3 
a r ea s , its d i s t r i b u t i o n pa r t i a l l y o v e r l a p p i n g t h a t of / , magna ( n o t f o u n d in a r ea s 
'b' a n d 'cf). I t a p p e a r s t o b e e n d e m i c t o t h e S ie r ra d e la C o l l a d a . T h e in te r ­
m e d i a t e species / . (E.) espaniensis (6 n o d e s ) w a s on ly f o u n d in its t y p e local i ty 
( a rea 'g') o u t s i d e t h e s t u d y a r ea . 
H a v i n g re jected a r a n d o m a l l o c a t i o n of t h e species in t h e caves a n d the i r 
different a r ea s , it is t en ta t ive ly p r o p o s e d t h a t faul t l ines c a u s e d t h e loca l 
f r a g m e n t a t i o n of t h e a n c e s t o r ' s o r ig ina l d i s t r i b u t i o n , a n d t h a t v i ca r i an t p h e ­
n o m e n a led t o t he d i f f e ren t i a t ion of its p o p u l a t i o n s . G e o g r a p h i c a l i so l a t ion 
even tua l ly led t o gene t ic i so l a t ion a n d c l ade d ive rgence . T h e species w i t h m o s t 
p r imi t ive cha rac te r i s t i c s (/. magna a n d / . cantabriensis) m i g h t h a v e b e e n t h e 
first t o co lon ize t h e m o r e c o n s e r v a t i v e in te rs t i t i a l (or ka r s t i c ) f r e shwa te r 
e n v i r o n m e n t ( B o u t i n et al . 1992). T h e y a re f o u n d in m o r e caves t h a n a n y of t h e 
o t h e r species since they w o u l d h a v e h a d m o r e t i m e t o d i sperse . 
T h e s u b g e n u s Iberobathynella (Asturibathynella) h a s t h e m o s t de r ived species 
( 8 - 1 1 n o d e s ) ( F i g u r e 3) . W i t h i n t h e s u b g e n u s / . (Asturibathynella), t h e species 
w h i c h conse rves t h e m o s t p r imi t ive t r a i t s is / . (^4.) imuniensis (9 n o d e s ) (F ig­
u re 3). T h i s w a s f o u n d in 6 caves ( T a b l e 1) in t h e cen t r e of t he s t u d y a r e a a n d 
in t w o a d d i t i o n a l a r ea s ( T a b l e 2) ( F i g u r e 5). I t a l so lives in o t h e r a r ea s well 
a w a y f r o m t h e s t u d y z o n e (in C a n t a b r i a , B u r g o s a n d H u e s c a , see F i g u r e 1) 
p r o b a b l y b e c a u s e it h a s b e e n in t h e a r ea l o n g e n o u g h t o r e a c h m a n y p laces t h a t 
a re easi ly accessible b y pass ive d i s p e r s i o n (e.g., t h r o u g h w a t e r y e n v i r o n m e n t s ) . 
Iberobathynella (A.) parasturiensis, o n e of t he species w i t h t h e m o s t evo lved 
cha rac te r i s t i c s , is d i s t r i b u t e d o n the e a s t e r n a n d s o u t h e r n p e r i p h e r y of t h e 
s t u d y z o n e , in 4 caves s i t ua t ed in 3 a r ea s ( T a b l e 2) , a n d w a s n o t f o u n d o u t s i d e 
t he s t u d y a r ea . Iberobathynella (A.) asturiensis w a s on ly f o u n d in o n e cave 
( C O . 0 4 4 ) ( T a b l e 2) (F igu re s 2 a n d 5) in t h e s t u d y z o n e (a rea 'b') a n d o u t s i d e 
t he z o n e of s t u d y in a r e a 'g'. I t s r a r i t y is p r o b a b l y d u e t o its e x t i n c t i o n in s o m e 
i n t e r m e d i a t e a r ea s (e.g., d u e t o adve r se ecologica l c o n d i t i o n s ) a n d p e r h a p s 
b e c a u s e of it h a v i n g h a d insufficient t i m e o r o p p o r t u n i t y t o co lon ize o t h e r 
accessible zones o r t o t he o c c u r r e n c e of t he spec ia t ion p roces s in a n h a b i t a t 
a l r e a d y i so la ted f r o m o t h e r b locs ; t he r e su l t i ng n e w species h a v i n g neve r 
i n h a b i t e d a w i d e r a r ea . 
T h e faul ts a n d t h r u s t i n g a s soc i a t ed w i t h t h e A l p i n e O r o g e n y d u r i n g t h e 
C a i n o z o i c c o u l d h a v e b e e n t h e v i ca r i an t p roces s r e s p o n s i b l e for t he c l a d o -
genesis w h i c h led t o t h e a p p e a r a n c e of t he five sister species a n d the i r d is t r i ­
b u t i o n s . 
G i v e n t h e k n o w n p h y l o g e n e t i c a n d d i s t r i b u t i o n p a t t e r n s , t he e v o l u t i o n a r y 
p a l a e o g e o g r a p h i c s cena r io sugges ted is on ly o n e of severa l poss ib les . T h e r e is a 
g rea t dea l of u n c e r t a i n t y a t p r e s e n t r e g a r d i n g the p h y l o g e n y of Iberobathynella; 
t he c r i t e r ion u s e d in th is p a p e r is on ly o n e of several poss ib i l i t ies . T h i s p h y ­
logeny will g r a d u a l l y b e c o m e m o r e prec ise as n e w species a re d i s cove red a n d 
n e w p o p u l a t i o n s f o u n d , e tc . S e c o n d l y , fu r the r s a m p l i n g will h e l p refine t h e 
m i c r o d i s t r i b u t i o n of these five species in t h e S ie r ra d e la C o l l a d a . O n c e t h e 
t r a n s g r e s s i o n / r e g r e s s i o n m a r i n e s e q u e n c e ( the s e c o n d s tep of t h e ' t w o - s t e p 
m o d e l of c o l o n i z a t i o n a n d spec i a t ion ' of B o u t i n a n d C o i n e a u 1990; C o i n e a u 
a n d B o u t i n 1992) of t he shore l ines (which a l t e r n a t e b e t w e e n t h o s e of t h e T e t h y s 
Sea a n d N o r t h A t l a n t i c ) led t h e a n c e s t o r of t he five sister species t o b e 
e s t ab l i shed in t h e s t u d y a r e a , loca l p a l a e o g e o g r a p h i c a l even t s (A lp ine O r o g e n y -
l inked) led t o spec i a t i on fo l lowed b y d i spe r s ions a n d smal l - sca le ex t inc t ions . 
U n r a v e l l i n g t h e de t a i l ed h i s t o r y of these m i c r o - p i c t u r e p rocesses m i g h t b e a 
difficult bus iness , b u t it is n o t very different f rom t h e t a s k faced w h e n t r y ing t o 
r e c o n s t r u c t t h o s e invo lved in a n y m i n i m a l l y c o m p l e x m a c r o - p i c t u r e . 
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